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Process for the Flocculation of Suspensions 

This invention relates to processes of flocculating aqueous suspensions in order 
to effect separation of solids from said suspension. 



It is well known to apply polymeric flocculants to aqueous suspensions in order to 
separate solids from the suspension. For instance it is common practice to 
flocculate and then dewater suspensions containing either suspended solid 
organic material or mineral solids. For instance it is common practice to flocculate 
sludges such as sewage sludge, waste waters, textile industry effluents red mud 
from the Bayer Alumina process and suspensions of coal tailings etc. Flocculants 
are also commonly used in paper-making processes by addition of polymeric 
flocculants to the cellulosic suspension. Flocculation is usually achieved by 
mixing into the suspension polymeric flocculant, allowing the suspended particles 
to flocculate and then dewatering the flocculated suspension. In papermaking this 
removal of water from the cellulosic suspension is often referred to as draining. 

High molecular weight polymeric flocculants are commonly used for this purpose. 
High molecular weight flocculants may be cationic, anionic, nonionic or 
amphoteric in nature. The choice of polymeric flocculant will largely depend upon 
the susbstrate, which is being treated. For instance it is common practice to use 
high molecular weight cationic flocculants to treat aqueous suspensions 
comprising suspended organic material, for instance sewage sludge. In paper- 
making it is known to use either cationic, nonionic, anionic or amphoteric 
flocculants. Flocculation of mineral suspensions is frequently effected by use of 
anionic flocculants. 



It is also known to use two different polymeric flocculants in the same process. 
The flocculants may have the same charge (co-ionic). For instance in commercial 
practice in the dewatering sewage sludge these may be co-ionic. In other 
processes it is known to apply two polymers of opposite charge (counter-ionic). 
Where two polymeric flocculants are applied to an aqueous suspension they may 
be added to simultaneously or more usually sequentially. 




2 



It is standard practice to apply polymers as aqueous solutions to flocculate 
suspensions containing suspended organic material. Generally the solutions of 
polymers are relatively dilute, for instance below 0.5%, often below 0.2% and 
usually 0.1 to below 0.2% by weight. 

Polymers are usually provided as a solid particulate product or as a reverse 
phase dispersion or emulsion. It is standard practice to dissolve the polymer into 
water by dispersing the polymer particles in a flowing stream of water in the case 
of the solid particulate product or in the case of the emulsion or dispersion, 
inversion into water, by use of activator surfactants. The polymer solution thus 
formed is frequently at a concentration above 0.3%, often in the range 0.4% to 1% 
and usually about 0.5%. This more concentrated solution of polymer may be too 
concentrated to add directly to the suspension in many instances, since received 
wisdom suggests that there would be inadequate distribution of the flocculant 
throughout the suspension and as a consequence the flocculation process would 
be impaired. 

It is therefore common practice to first of all provide a more concentrated solution 
of polymer and then dilute the polymer solution prior to application. Often the 
diluted solution will have a concentration of below 0.2%, for instance within the 
range 0.05 to 0.2% by weight and frequently between 0.1 and 0.2% by weight. 
This dilute solution of polymer is normally metered directly into the suspension 
prior to the dewatering stage. 

There is a desire improve the efficiency of the flocculation processes, to either 
bring about an increased dewatering effect, such as higher cake solids or in the 
alternative achieve a constant acceptable level of dewatering efficiency but using 
a lower dose of flocculant. This is true in a variety of flocculation processes, 
including dewatering of sewage sludge, slurries of coal tailings, red mud and in 
papermaking. 

It would therefore be desirable to provide an improved method of flocculating and 
dewatering aqueous suspensions of solids, in particular to provide increased 
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dryness of the dewatered solids for an equivalent dose of flocculant or to provide 
the same degree of dryness of dewatered solids but using a reduced dose of 
flocculant. 

The invention relates to a process of flocculating and dewatering an aqueous 
suspension of suspended solids comprising, introducing into the suspension, 

(a) a concentrated polymer solution and, 

(b) a dilute polymer solution, 

characterised in that the concentrated and dilute polymer solutions are introduced 
into the substrate substantially simultaneously. 

The concentrated and dilute solutions may be metered directly into the 
suspension as separate solutions. By substantially simultaneously the two 
solutions should be added at approximately the same dosing point. For instance if 
the dilute solution is added first the concentrated polymer may be added after 
flocculation has commenced but should be added before the dewatering stage 
and before any high shear stage, such as mixing, pumping or screening stages: 
Preferably the concentrated and dilute polymer solutions are introduced 
simultaneously. 

More preferably the concentrated and dilute polymer solutions are introduced into 
the suspension as an aqueous composition comprising a dilute aqueous solution 
of polymer and a concentrated solution of polymer. The aqueous composition 
should comprise both the dilute and the concentrated polymer solutions as 
discrete components. Thus it is desired that the dilute solution and concentrated 
solution exist as substantially discrete components of the aqueous composition. 

The aqueous composition preferably comprises the dilute aqueous solution of 
polymer in an amount of from 40 to 99%, based on weight of polymer, and the 
concentrated polymer in an amount of from 1 to 60%, based on weight of polymer. 
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The aqueous composition comprising concentrated and dilute solutions may be of 
any significantly different concentrations provided that the respective 
concentrations are not substantially the same such that the two solutions would 
immediately form a homogenous single solution. Preferably the concentrated 
solution should be at least twice the concentration of the diluted solution. More 
preferably the concentrated solution should be at least 4 or 5 times the 
concentration of the dilute aqueous solution. 

The dilute aqueous solution of polymer desirably has a concentration of polymer 
of below 0.5, preferably below 0.3% by weight. More preferably the concentration 
of the dilute solution is in the range 0.05 to 0.2%, most preferably around 0.1% by 
weight. 

According to the invention the polymer dissolved in the dilute aqueous polymer 
solution may be either cationic, anionic or non-ionic. 

The concentrated aqueous solution component according to the invention 
desirably has a concentration of polymer above 0.3% by weight, preferably 
between 0.4 and 1.0% by weight. More preferably the concentration of the 
concentrated solution is in the range 0.5 to 1.0%. According to the invention the 
polymer dissolved in the concentrated aqueous polymer solution may be either 
cationic, anionic or non-ionic. The polymer dissolved in the concentrated polymer 
solution is preferably either co-ionic with the polymer dissolved in the dilute 
solution or non-ionic. In another preferred form the polymer dissolved in the dilute 
solution is non-ionic and the polymer dissolved in the concentrated polymer 
solution is cationic, anionic or non-ionic. 

When the polymer dissolved in either the dilute solution or concentrated solution 
is cationic, said cationic polymer may be formed by polymerisation of at least one 
cationic monomer alone or with other monomers. Suitable cationic monomers 
include quaternary ammonium or acid salts of monomers which contain amine 
groups. Preferably the cationic polymer is formed from a monomer or blend of 
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monomers comprising at least one cationic monomer selected from the group 
consisting of quaternary ammonium and acid salts of dimethylaminoethyl (meth) 
acrylate, quaternary ammonium and acid salts of dimethylaminoethyl (meth) 
acrylamide and diallyldimethyl ammonium chloride. The cationic monomers may 
be hompolymerised or copolymerised with other monomers, for instance 
acrylamide. In addition to vinyl addition polymers, the cationic polymer may 
include polymers obtained by condensation or addition reactions. For instance 
suitable cationic polymers include adducts of amines with epihalohydrins or 
dihaloalkanes, polyamides and polethylene imines. 

In the case where the polymer dissolved in either the dilute solution or 
concentrated solution is anionic, said anionic polymer may be formed by 
polymerisation of at least one anionic monomer alone or with other monomers. 
Suitable anionic monomers include ethylenically unsaturated monomers 
comprising carboxylic acid or sulphonic acid groups. Preferably the anionic 
polymer is formed from a monomer or blend of monomers comprising at least one 
anionic monomer selected from the group consisting of (meth) acrylic acid, 2- 
acrylamido-2-methylpropane sulphonic acid, alkali metal and ammonium salts 
thereof. 

If the polymer dissolved in either the dilute solution or concentrated solution is 
nonionic, said anionic polymer may be formed by polymerisation of suitable non- 
ionic monomers, for instance acrylamide or methacrylamide. 

The polymers suitable for both the concentrated aqueous solution and dilute 
aqueous solution may be prepared by any convenient polymerisation process, for 
instance gel polymerisation, reverse phase suspension polymerisation, reverse 
phase emulsion polymerisation, solution polymerisation and the like. Thus 
suitable polymers may be provided in the form of granulated powders, beads, 
reverse phase emulsions, reverse phase dispersions or aqueous solutions. 
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The concentrated aqueous solution may be formed by dissolving any suitable 
water soluble polymer into water. The dilute aqueous solution of polymer may also 
be prepared by dissolving any suitable water soluble polymer into water or 
alternatively by diluting a more concentrated solution of the polymer solution. 
The respective concentrated and dilute aqueous solutions may be produced 
therefrom by known dissolution, inversion or dilution techniques as appropriate. 
For instance solid particulate cationic polymer may be dissolved by dispersing 
the polymer particles into a flowing stream of water. Reverse phase emulsions or 
reverse phase dispersions of cationic polymers may be inverted into water by use 
of activator surfactants to form the respective aqueous solutions. Preferably the 
polymers dissolved in both the dilute and concentrated solutions are essentially 
the same polymer. 

The polymers according to the invention may be prepared as substantially linear 
polymers or as branched or structured polymers. Structured or branched polymers 
are usually prepared by inclusion of polyethylenically unsaturated monomers, 
such as methylene-bis-acrylamide into the monomer mix, for instance as given in 
EP-B-202780. Preferably however, the polymers are substantially linear and are 
prepared in the form of a bead or powdered product. 

A particularly preferred group of polymers includes copolymers of acrylamide with 
at least one cationic monomer selected from the group consisting of quaternary 
ammonium and acid salts of dimethylaminoethyl (meth) acrylate, quaternary 
ammonium and acid salts of dimethylaminoethyl (meth) acrylamide and 
diallyldimethyl ammonium chloride, having an intrinsic viscosity of at least 4 dl/g. 
The cationic acrylamide polymers may comprise 10 to 90% by weight acrylamide 
and 10 to 90% by weight cationic monomer(s). 

The aqueous composition comprising the dilute aqueous solution of cationic 
polymer and the concentrated solution of cationic polymer may be formed by 
introducing the concentrated solution of cationic polymer into a flowing stream of 
the dilute aqueous solution of cationic polymer. For instance in one method of 
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preparing the aqueous composition a concentrated aqueous solution of cationic 
polymer is introduced directly into a conduit through which the dilute aqueous 
solution of cationic polymer is being conveyed towards the dosing point where the 
aqueous composition comprising both concentrations of polymer are metered into 
the suspension of solids in order to effect flocculation. 

According to a preferred form of the invention wherein an aqueous suspension of 
suspended solids is flocculated and dewatered, an aqueous composition is 
introduced into the suspension. The aqueous composition comprises 
concentrated and dilute aqueous solutions of cationic polymer wherein the two 
solutions exist as discrete components of the composition. It is considered 
desirable that the mixture of concentrated and dilute solutions exist together as a 
non-homogenous composition. Therefore, in order to prevent the concentrated 
solution from dissipating and being diluted thus forming a homogenous solution of 
polymer at a single concentration, it is desirable to substantially reduce any 
mixing of the aqueous composition prior to being introduced into the suspension. 
One way that undesirable mixing of the aqueous composition can be avoided is 
by ensuring that there are no mixing or pumping stages after the concentrated 
and dilute solutions have been combined. In addition it may further be desirable 
for the conduit to have a relatively smooth inner surface and the avoidance short 
radius bends, for example as given in pending International Application No. 
PCT/GB 99/00990. Another way that undesirable mixing can be avoided is to 
reduce the distance the aqueous composition has to travel by combining the 
concentrated and dilute solutions relatively close to the dosing point. 

It is desirable that the aqueous composition comprising dilute and concentrated 
solutions does not contain substantial amounts of undissolved polymer, for 
instance it is preferable that less than 5%, more preferably less than 2% by weight 
of total polymer contained in the aqueous composition is not in solution. In many 
dewatering situations the most efficient use of the polymer is achieved if the 
amount of undissolved polymer is less than 1 %, especially less than 0.5%. 
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The dilute solution of cationic polymer may conveniently be prepared by dilution 
of a more concentrated solution of the polymer. This can be achieved by adding 
dilution water to a flowing stream of more concentrated solution of polymer. For 
instance it may be desirable to pass the more concentrated solution of cationic 
polymer along a conduit to a dilution stage, where dilution water is introduced into 
the concentrated solution. In order to achieve adequate mixing of the concentraed 
solution with the water so that a homogenous consistent dilute solution is 
obtained it may be necessary to introduce a mixing stage. The mixing stage may 
be for instance an in-line mixing stage, such as an in-line static mixer, a pumping 
stage, a screening stage or some other means that can ensure adequate mixing. 
Preferably once thoroughly mixed the diluted solution will be substantially 
homogenous. 

A particularly preferred aspect of the invention relates to a process of flocculating 
and dewatering an aqueous suspension of suspended solids by introducing into 
the suspension an aqueous composition comprising concentrated and dilute 
polymer solutions wherein the aqueous composition is formed by, 

(a) passing a concentrated solution of polymer to a dilution stage where the 
solution is combined with dilution water to form a dilute solution, 

(b) passing the diluted solution through a mixing stage, selected from an in-line 
mixer, a pumping stage and screening stage, and 

(c) introducing a concentrated solution of polymer into the dilute aqueous solution. 

The concentrated polymer solution, which is diluted to form the dilute polymer 
solution may be drawn from the same reservoir of concentrated polymer solution 
which is subsequently mixed with the dilute solution in forming the said aqueous 
composition according to the invention. 

Thus in a particularly preferred process for preparing the aqueous composition a 
concentrated aqueous solution of cationic polymer contained in a holding vessel 
is passed through a conduit to a dilution stage and subsequent mixing stage thus 
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providing the dilute aqueous solution. Concentrated aqueous solution of cationic 
polymer contained in the holding vessel from said holding vessel is passed by 
means of a second conduit directly into the dilute aqueous solution of cationic 
polymer. A typical arrangement for carrying out the preparation of the aqueous 
composition according to this aspect of the invention is shown in Figure 1 . 

In Figure 1 the following key applies, 

[1 ] Holding vessel containing concentrated cationic polymer solution 

[2] Conduit conveying concentrated cationic polymer solution to dilution stage 

[3] Dilution water line 

[4] Pump 

[5] Conduit conveying dilute cationic polymer solution 

[6] Conduit conveying concentrated polymer solution 

[7] Aqueous composition comprising concentrated and dilute aqueous 

solutions of cationic polymer 
[8] Sewage sludge line 
[9] Dewatering stage 

[1 0] Dosing point of aqueous composition into the sludge 
[11] Dilution stage 
[12] Pump 

Thus in the scheme represented in Figure 1 , aqueous concentrated cationic 
polymer solution is held in holding vessel [1]. Concentrated polymer solution is 
passed along conduit [2] towards dilution stage [11] after which the aqueous 
polymer solution and dilution water passed through a pump [4] where they are 
mixed together to ensure that a consistent diluted polymer solution is formed. The 
dilute aqueous polymer solution is passed along conduit [5] towards the point 
where concentrated polymer solution is added. A second conduit [6] from holding 
vessel [1] conveys concentrated cationic polymer solution into the dilute polymer 
solution to form the aqueous composition [7] which is passed to the dosing point 
[10] where the mixture of concentrated and dilute cationic polymer solutions are 
metered into the sewage sludge line [8]. The treated sewage sludge is then 
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passed into the dewatering stage [9]. 

Alternatively the concentrated polymer solution which is combined with the dilute 
aqueous polymer solution may be drawn from a separate reservoir of 
concentrated polymer solution from that which is diluted to form the dilute 
aqueous polymer solution. Thus in this alternative form of the invention the 
opportunity exists for the concentrated polymer being a different polymer from the 
polymer in the dilute aqueous solution. For instance it may be desirable to 
combine a concentrated solution of a low molecular weight cationic polymer, 
having an intrinsic viscosity of below 3dl/g, with a dilute solution of a high 
molecular weight cationic polymer, having an intrinsic viscosity of at least 4 dl/g. 
The low molecular weight polymer may be a coagulant, for instance the 
hompolymer of diallyldimethyl ammonium chloride. The high molecular weight 
polymer may be a bridging flocculant, for example a copolymer of acrylamide with 
a suitable cationic monomer, such as the quaternary ammonium salt of 
dimethylaminoethyl (meth) acrylate. A typical arrangement for conducting this 
alternative aspect of the invention is shown in Figure 2. 

In Figure 2 the following key applies, 

[1 ] Holding vessel containing concentrated cationic polymer solution 

[2] Conduit conveying concentrated cationic polymer solution to dilution stage 

[3] Dilution water line 

[4] Pump 

[5] Conduit conveying dilute cationic polymer solution 

[6] Second holding vessel for concentrated cationic polymer solution 

[7] Conduit conveying concentrated polymer solution 

[8] Aqueous composition comprising concentrated and dilute aqueous 

solutions of cationic polymer 

[9] Sewage sludge line 

[1 0] Dewatering stage 

[11] Dosing point of aqueous composition into the sludge 
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[12] Pump 

[13] Dilution stage 

Thus in the scheme represented in Figure 2, aqueous concentrated cationic 
polymer solution is held in holding vessel [1]. Concentrated polymer solution is 
passed along conduit [2] towards dilution stage [13] after which the aqueous 
polymer solution and dilution water are passed through a pump [4] where they are 
mixed together to ensure that a consistent diluted polymer solution is formed. The 
dilute aqueous polymer solution is passed along conduit [5] towards the point 
where concentrated polymer solution is added. A second conduit [7] passes 
concentrated aqueous cationic polymer solution from holding vessel [6] into the 
dilute polymer solution to form the aqueous composition [8] which is passed to the 
dosing point [1 1] where the mixture of concentrated and diluted cationic polymer 
solutions are metered into the sewage sludge line [9]. The treated sewage sludge 
is then passed into the dewatering stage [10]. 

The invention is suited to a variety of processes involving flocculation and 
dewatering. Processes of particular relevance include dewatering sewage 
sludges, dewatering mineral suspensions and papermaking processes. 



The following example is an illustration of the invention. 
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Example 

Aqueous solutions of a copolymer of acrylamide with dimethylaminoethyl 
methacrylate, methyl chloride quaternary ammonium (40/60 weight/weight), 
intrinsic viscosity at least lOdl/g, are prepared at 0.1, 0.125 and 0.5% 
concentration. 

Composition 1 is prepared by mixing 0.1 % solution with 0.5% solution on a 50/50 
weight/ weight basis. Composition 2 is prepared by mixing 0.1% solution with 
0.5% solution on a 75/25 weight/ weight basis. 

200ml aliquots of Rotherham (Yorkshire, England) sewage sludge are treated with 
dilute polymer (0.1%) and (0.125%), concentrated polymer (0.5%) and using 
composition 1 and composition 2 each at various doses of cationic polymer. The 
treated sludge is mixed at 2000 rpm for 15 seconds. The flocculation efficiency is 
measured by free drainage using a 10cm diameter sieve. 

The free drainage results are shown in Table 1 



Table 1 



Polymer solution 


5 second filtrate volume (ml) for each dose 


137.5 mg/l 


150 mg/l 


162.5 mg/l 


0.1% 


10.5 


31 


55 


0.125% 


4 


24 


50 


0.5% 




27 


49 


Composition 1 


19 


41 


79 


Composition 2 


14 


32 


67 



The results clearly show the advantage of using the compositions comprising a 
mixture of concentrated and dilute solutions of the cationic polymer. 
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Claims 

1. A process of flocculating and dewatering an aqueous suspension of suspended 
solids comprising, introducing into the suspension, 

(a) a concentrated polymer solution and, 

(b) a dilute polymer solution, 

characterised in that the concentrated and dilute polymer solutions are introduced 
into the substrate substantially simultaneously. 

2. A process according to claim 1 in which the concentrated polymer solution and 
dilute polymer solution are introduced into the suspension as an aqueous 
composition comprising, 

(a) a dilute aqueous solution of polymer and, 

(b) a concentrated solution of polymer, 

wherein the dilute solution and concentrated solution exist as substantially 
discrete components. 

3. A process according to claim 2 in which the aqueous composition comprises, 

(a) 40 to 99%, by weight of the dilute aqueous solution of polymer and, 

(b) 1 to 60% by weight of the concentrated solution of polymer. 

4. A process according to any of claims 1 to 3 in which the dilute aqueous solution 
has a concentration of polymer of below 0.3% by weight. 

5. A process according to any one of claims 1 to 4 in which the dilute aqueous 
polymer solution comprises a cationic polymer, an anionic polymer or a nonionic 
polymer. 

6. A process according to any of claims 1 to 5 in which the concentrated aqueous 
solution has a concentration of polymer of between 0.4 and 1 .0%, by weight. 

7. A process according to any one of claims 1 to 6 in which the concentrated 
aqueous solution comprises a cationic polymer, an anionic polymer or a nonionic 
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polymer. 

8. A process according to any one of claims 1 to 7 in which the polymer dissolved 
in the concentrated solution is either co-ionic with the polymer dissolved in the 
dilute solution or non-ionic. 

9. A process according to any one of claims 1 to 8 in which polymer dissolved in 
either the dilute solution or the concentrated solution is cationic and has been 
formed from a monomer or blend of monomers comprising at least one cationic 
monomer selected from the group consisting of quaternary ammonium and acid 
salts of dimethylaminoethyl (meth) acrylate, quaternary ammonium and acid salts 
of dimethylaminoethyl (meth) acrylamide and diallyldimethyl ammonium chloride. 

10. A process according to any one of claims 1 to 9 in which the polymer(s) 
dissolved in either the dilute solution or the concentrated solution is anionic and 
has been formed from a monomer or blend of monomers comprising at least one 
anionic monomer selected from the group consisting of (meth) acrylic acid, 2- 
acrylamido-2-methylpropane sulphonic acid, alkali metal and ammonium salts 
thereof. 

1 1 . A process according to any one of claims 1 to 1 0 in which the polymer(s) 
dissolved in either the dilute solution or the concentrated solution is nonionic and 
has been formed from acrylamide or methacrylamide. 

12. A process according to any one of claims 1 to 1 1 in which the cationic polymer 
dissolved in each of the dilute and concentrated aqueous solutions is a copolymer 
of acrylamide and at least one cationic monomer selected from the group 
consisting of quaternary ammonium and acid salts of dimethylaminoethyl (meth) 
acrylate, quaternary ammonium and acid salts of dimethylaminoethyl (meth) 
acrylamide and diallyldimethyl ammonium chloride, having an intrinsic viscosity of 
at least 4 dl/g. 
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13. A process according to any one of claims 2 to 12 in which the aqueous 
composition comprising the dilute aqueous solution of polymer and the 
concentrated solution of polymer is formed by introducing the concentrated 
solution of polymer into a flowing stream of the dilute aqueous solution of 
polymer. 

14. A process according to claim 13 in which the dilute aqueous solution of 
polymer is formed by diluting a flowing stream of the concentrated aqueous 
solution of polymer with dilution water. 

15. A process according to any one of claims 2 to 14 in which the aqueous 
composition is formed by, 

(a) passing a concentrated solution of polymer to a dilution where the solution is 
combined with dilution water to form a dilute solution, 

(b) passing the diluted solution through a mixing stage, selected from pumping 
and screening stages, and 

(c) introducing a concentrated solution of polymer into the dilute aqueous solution. 

16. A process according to claim 15 in which the concentrated polymer solution, 
which is diluted to form the dilute polymer solution in step (a) is drawn from the 
same reservoir of concentrated polymer solution introduced into the dilute solution 
in step (c). 

17. A process according to claim 15 in which the concentrated solution of polymer 
in step (a) is drawn from a different reservoir of concentrated polymer solution 
introduced into the dilute solution in step (c). 

18. A process according to any one of claims 1 to 17 in which the dewatering 
process is selected from the group consisting of dewatering sewage sludge, 
dewatering a mineral suspension and a papermaking process. 
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Abstract 

A process of flocculating and dewatering an aqueous suspension of suspended 
solids comprising, introducing into the suspension, 

(a) a concentrated polymer solution and, 

(b) a dilute polymer solution, 

characterised in that the concentrated and dilute polymer solutions are introduced 
into the substrate substantially simultaneously. 
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